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By T^Ac'hm^d. I . Sears 

SJMMARY 

A collection of wind- tunnel data on the lift and 
liinge-moment characteristics of various types of airplane 
control surface is presented. These data, most of which 
have "been previoi^sly putlished, include a major part of 
the results of both t-vo- aiid thr ee-dimons ional-f low con- 
trol-surface tests that have "been made in the LMAL 4- "by 
o-foot vertical tunnel and the LMAL 7- ty 10-foot tunnel. 
Data are included for control surfaces of various airfoil 
sections "both without aerodynamic balance and with aero- 
dynamic balance of the overhang (inset-hinge), norn, in- 
ternal, and beveled- tra.ilin;?:-edge types^ The control 
surfaces dealt with in this paper are mainly of the wide- 
chord type suitable for use as elevators or rudders. A 
summary of data pertaining to narrow-chord flaps is to 
be presented in another paper dealing with aileron 
characteristics , 

These Dasic data, supplemented by additional data 
not included in this paper, have been used to determine 
curves correlating the results of many tests of tlxe 
various types of aerodynamic balance. A very limited 
discussion of the characteristics of several types of 
balanced control surface is included. A method of apply- 
ing section data to compute the aerodynamic characteristics 
of finite control surfaces is briefly outlined and discussed. 



IJTTRODUCTIOIT 



The NACA has been conducting an extensive wind- 
tunnel investigation to determine the aerodynamic charac- 
teristics of various types of airplane control surface in 
order to supply data for design purposes. This investi- 
gation has been conducted primarily with two-dimensional- 
flow models in the LIviAL 4- by S-foot vertical tunnel. 



Ezistirig eqTiipmenI; ha3 rcoontly "boen iD0(3iiiGd in order to 
test coritroi s\;rfaces of finite 'roan in tiireo-diracnsional 
flow in tlio LMAL 7~ by 10-foot tunnels Several airplane 
ta,il surfaces- have already "been tested as finite-span 
jiiodels, c.nd the ccntrci-surf ace investigation is still in 
progress J ootl: t':;'o- and tlir ec-d^uoii :j i ona 1-f lov.^ tests being 
u d 0 o 

Two- dim en s i onal-f low pr es sur e - d i s tr ibut i on iDea s ar e- 
ments have been made of an ITAOA 0009 airfoil with various 
sizes of plain flaps and tabs (r'?fer9nces 1 to 3) e These 
6.ata have been analysed and parameters for deterniining 
the aerodynamic section charac l- or i s 1 1 c s of a thin symmet- 
rical airfoil with plain, sealed flaps of any chord have 
been experimentally established (reference 4) o Gerta^in 
tneoretical relationships developed by Glauert and Perring 
(references 5 and 6) fro^sj lifting-line theory for a thin 
airfoil with multiple flaps are reviewed in reference 4© 

If^or ce-^ tes c meas-ar ement s have been made in two- 
dimensional flow CO deter.jine the aerodynamic section 
cha rac t er i 3 1 i c of the follcwin.^ control-surface 
arrangements : 

(a) ilACA 0009, ITii CA 0015, and iTACA 36-009 airfoils 

with flaps having a systematic variation of 
flap nose o-verhang^ flap nose shape, and gap 
at the fla.p nose 

(b) ITACA 0ul5 and NACa 5 5-009 airfoil with flaps of 

straight- lino contours 

(c) KACA 0009 airfoil with flaps of thickened pro- 

file and v£irioufj beveled traiiing-edge shapes 

(d) ITACA 0009 and HACA 0015 airfoils with flaps 

having various arrangements of internal 
acrodyna.mic balances 

The results of most of those tests have been published 
and are presented in references 7 'oo 20c 

Force tests have been made in throe-dimensional flow 
of a, series of horizontal tail surfaces mounted on a typ- 
ical pursuit fuselage.. These tests (references 21 and 22) 
provided a systematic variation of elevator overhang, ele- 
vator nose shapoc gap at the elevator nosOj, and beveled 
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trailing edgef, and Y^ere mado aTf large angles of attack 
and lar.^c angles oi v^''' to sln^v.'iato spin c ondi t i ons . 
Tv/o Oo5-3c:ilG irodols of tlie iiorisontai tail curface of 
a torpcdo-.l)oii3 bcr typo airplane have boon testod as scrni- 
span models 0 These tests (anpii'.bli shod) provided a sys- 
tomatic variation of the unt^hiclded horn types of aoro« 
dynaiTiic balance and of olevatora with a largo overhang 
and a leading tabo A Oc45^scaie vertical tail of a 
pursiii t-- typo airplane was mounted on a stub fuselage 
for testing vrith and without a horizontal tailo Those 
tost results (unpublished) furnish data for a ruddar ^^ith 
various, ovo7?hang and internal types of aerodynamic 
balance. 

The purpose of this paper i3 to assemble in ono 
report the main oortion of the oxpor iicon tal data fron] 
the various phases, pre^'iously ^lentioncd, of the lUCA 
wind-tunnel investigation of c on t r o 1 - surf ac e char.-c- 
toristicsc The data given in tais report are there- 
fore, of nocessit:,-, .o^uch condensodo J'urther details 
and data for each particular phase of the investigation 
rnay be obtained b-, referring to the reports already 
published on that particular subjecte (See list of 
references,) The section data presented are eoually 
applicable to ailerons and to tail surfaces. 

Test data on finite-span ailerons are given in 
reference <^3, but soino of the curves presented herein 
sum^ijari z ing the characteri 3tics-^f various types of 
aerodynamic balance include data froLQ tests of finite- 
span ailerons 3 



AFPARATuS, MODELS, aKD TESTS 
Two-Dim ens ional-?l ow Te s t s 



The section data presented in this paper were 
obtained from tests n^ade in the LI/IAL 4- by S-foot ver- 
tical tunnel, 'vnich is described in reference 24^ The 
test section of this tunnel has been converted fronj the 
original opong circular, 5-f oo t-dian3e ter jet to a closed, 
rectangular 4- by 6-foot throat 3 a diagram of the test 
section and the airfoil installation for two-diiiiensional 
flow is presented in references 1 to '6. A three-coiii^onent 
balance system has been installed to allow force-test 
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irioasn.rsniont s of lift, drag, and pitching moiaents to "be 
madoc Hinge ujoruenc!:? were obtained Ly njeapuring eloctri- 
ca?-ly the twist of a short torquQ rod or the strain of a 
small cantilever oeam when sujjected to the hinge-moment 
load^ 

The force-test n^odels, for which resn.lts are presented 
for two-ciiiiiensi onai--f lov7 test^ in figur-ss 1 to 103, were 
rectangular 2-foot-chord "by 4-foot-span wings naade of lau- 
inated mahogany. The flaps were provided with hall-hearing 
hinj^-^es in order to mininjize friction. The models, when 
mounted in the tr.niiel, completely spanned the test section, 
^ith tiiis type of installation, two-dimensional flow is 
approximated and section characteristics of the airfoil 
and flap can he detGrminodo The models were attached to 
the balance frame by torque tubes that e:x:tendod through 
the sides cf the t^iniiel. The angle of attack was set 
from outside the tunnel 'by rotating the torque tubes with 
an electric drivCo ITlap deflections were set inside the 
tunnel by templets and -^erc hold by friction clamps. 

The airfoil profile, flap shape, and gap at the 
flap nose for each particular control-surface arrange- 
ment are illustrated at the top of the figure presenting 
tne data for that arrangement. Further details and di- 
mensions for each arrangement may he found in the original 
reports listed as references on each figurCo The surfaces 
of all the airfoils were filled and finished with either 
shelleic or lacquer to form a smooth surface. 

The two-dimensional-flow tests were made at a dynamic 
pressure of 15 pounds per square foot, which corresponds 
to a velocity of about 76 miles per hour at standard sea- 
level conditionse The test Reynolds number was about 
l,4o0,000<. The turbulence factor of the LMAL 4- by 6-foot 
vertical tunnel being 1,9b, the effective Reynolds number 
of the tests was tnorefore about 2»7oO>000. 



Thr e e - J im c:: s i 0 na 1 1 ow Tests 

The tests of finite-span models, for v/hich data are 
presented in figures 107 to 139„ were made in the LllAL 
7- by lO-foct tunnel which is described in reference 25. 

The hori2:ontal tail surfaces s'nown in figures 107 
to 122 wore of KAQA 0009 airfoil section and were mounted 
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on l/6-sc.alc model of a typical oursuit fuselage The 
fuselage juncture-; were filleted. Tne r.odel had 'no wl-g 
propelior, or vertical tail and the cut-out for the vi^l' 
tnrouga the fuselage rras faired in. The fuselag 



. - - ~ ,7a s 

counted m the conventional manner on the balance fork 
for force-tost aeasuroment s . Hinge aoiaents ^cre cieasu-ed 
electrically acans of a calibrated torque rod inside 
the fuGclago, The tests ^vere made at a dynacic pressure 
01 lb.,b7 pounds per square foot, Trhich corresponds to a 
velocity of 80 .-jiles oor hour at standard soa-lovel con- 
ditions.^^ 5-^.sed on tiie avera,=^e chord of the horisontal ' 
•call , ci?5^ inches 5 tne test Reynolds number T;7as 508,000, 
The effective Heynolds number ox the teets \-ras 30? 000 
the turbulence factor of the tunnel bein,^ 1,6, * ' 

Ihe horizontal ta.M surfaces sho-.vn in figures 123 to 
130 T7ere tented as senispan models by counting one-half 
the tail surface, vertically in the tunnel 'Tith the inboard 
end adjacent to the floor of the tunnel, ^hich thereby 
acted as a reflection plane, Ine model -rrn-j suijported 
entirely by the balance fraii^e ^ith a small clearance at 
tne tunnel floor so that all tne forces and moments acti^^s: 
on the model could bo aeasured. The flo-r over the .aodel'" 
simulated the florr over the seaispan of a complete hori- 
zontal tail consisting of the test panel joined to its 
reflection and mounted in a 10- cy 14-foot tunnel. 

Provisions rrero made for changing the angle of attack 
ox tae model and the elevator deflection rrhile the tunnel 
•7as m operation. The elevator hinge moments -rcre mca<=- 
urod by means of an electrical strain gage mounted -ithin 
tne :-jcdel„ a dynamic pressure of 16.37 pounds x>ot souare 
loot vras maintained for all tests, -rhich correnoonds 'to 
an air vcloctiy cf 80 r.:iles per hour at standard sea-level 
conditions and to a test Beynolds number of 1,S30 000 
based on the model uean chord of 2,65 feet. 

The airfoil section of the horizontal tail surfaces 
of figures 12o to 130 -^ere modified symmetrical IJAC^ sec- 
tions about ll-percent cord tnick at the root and r'bout 
7-percent chord tnick at the tip. The airfoil contour 
back 01 the hinge a:cis -ras a straight line. 

The vertical tail surfaces shorrn in figures ''31 to 
139 vrere mounted on a stub fuselage. All arrange-ier ts 
^ere tested •7ith a dun^ay horij^ontal tail surface ex-cept 
tnat 01 figure 153, v/hich T7as tested rzithout the horizontal 
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tcrxl s^irfacQ, The vertical surface vras derived from lUCA 
5-3«series airfoil profiles niodi/ied by extending the tip 
sections and shortening the root sections to give an air- 
fo:^l section about 10,5-percent chord thick at the root 
and about 9.6-percent chord thick near the tip. The air- 
foil contour back of the hinge axis Tras a straight line^ 
The horizontal tail surface had a flat-plate rather than 
an airfoil contour and had a conventional plan form ;7ith 
about 2;1 taper rc-itio and circular tipa. The rudder tos 
slotted to clear the horizontal tail. The gap at the nose 
of the rudder, when unsealed, rras 0,113 inch and ^as con- 
stant along the spano The cut-outs for the hinge arms 
were unsealed for all tests except for the sealod internal 
balance (fig. 138). 

The aerodynauic characteristics presented in figures 
1.^1 to 1S9 are those for the vertical tail alone plus 
in terf erencos p the contribution of the stub fuselage and 
hori:::ontai tail having been deductedc A dynamic pressure 
of looo7 pounds per square foot Tjas maintained for these 
tests, ?7hich corresponds to an air velocity of 80 miles 
per hour at standard sea-level conditions and to a test 
Reynolds number of 1,510,000 based on the model mean 
chord of 2:06 feeto 



SYMBOLS 

The symbols used in this paper are: 
Gj^ airfoil lift coefficient (L/qS) 

airfoil section lift coefficient (l/qc = dL/qcdb) 

c-j^^ airfoil section lift coefficient at a ^ 8 ~ 0 

Oh hinge-moment coefficient of control surface (E/qc'^^'b^) 

O f elevator h i n£:e-momen t coefficient (fxp-s, 107 to 122 
only) (H/qc^S^) 

Ci^^ flap section hinge-moment coefficient 
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(h/qc^-^- dn/qc^^db) 



Cg flap section hinge-noment coefficient 
(h/Qc2 := dH/qc^db) 



pressure coefficient ( LjL-£o 

^ ' ' r 1 

resultant prossura coefficient P-^ — p 

lov/er *^ upper J 

airfoil lift 

airfoil section lift (dL) 

flap hinge nonent 

flap section hin^^e njonent (dE) 

static press^^rc at point on airfoil surface 

static pressure in free air stream 

dynamic pressure of free air strean 

^iiig area 

flti'p area 

chord of airfoil section 

chord of flap !?.ea??ured at any airfoil section frou 
hin;g:e axis to trailing edi^-e of airfoil 

root-uec^.n-*square chord of flap 

chord of ovcrhan^' ("balancin/^ surface) 

angle of attack of finite-span wing 

an£:le of attack for infinite aspect ratio 

angle of yar 

con trol- surf ace deflection 

deflection of flap T/ith respect to airfoil 
deflection of tab with respect to flap 
span of surface 
span\7ise dimension of ring 

chord^-^ise location of vent Lieasurod fron] airfoil no 



aspect ratio 

tlilcknor-s of control surface at liinge 
te^st 3 oyn olds nunj^er 
iii^ch r.-'j.u'ber 

ratio of tip c.iord to root chord 



(ClJ- 
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= ( ZZl. ) 
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rate of change of section lift coefficient rritii 
anglo cf attac'-c of entire finite-span v/ing 

rate of change of section lift coefficient vrith 
deflection of entire flap on finite-span ^ing 
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span-loai d i s t r i bn t i on factors defined "by 
^1 S equation (12) 



Subscripts: 

f flap 

t tab 

e elevator 

r rudder 

b balance (overhang) 

s control stick 

Subscripts outside the parentheses around the partial 
derivatives indicate the variables held constant when 
the derivatives are taxeii . The term "flap" is used as 
a general expression for any movable control surface 
such as a rudder, elevator, aileron, or tab^ The term 
"control stick" is used as a general expression for the 
pilot ^s control-surface-actuating device vrhether it be a 



stick, a rheel, or pedals. 



PEESSSTTATIOil CI DATA 



A Gumiaary of information for convenience in locating 
the data is presented in tables I to III. 

Lift and flap hinge-nioaen t characteristics are pre- 
sented as functions of angle of attack (or angle of ya^) 
at various flap deflections for the control-surface ar- 
rangenjents previously discussed (figs, 1 to 139), Inso- 
far as has been practical, the same syrnbols for each flap 
deflection and the san^e scales have been used on each 
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figuPGo In some cases, however, it has teen neccF^sary to 
halve the sc^le of ordiiiates or auscissas iii order to "bo 
aolo to include all tno data* 

figures 140 to 143 pertain to plain flaps with sealed 
gc?.ps on the IJACA UC09 airfoil o Figuvo 140 shows the chord- 
wise dir.tri Jut ion of tnc rosviltant pressure-coefficient 
paraniotcrs ani j?... . These di s tr ihut i on s were ex-ocri- 

mortally dotermincd in the t^o-dimen s i onal-f low pressure- 
distribution investigations reported in references 1 to Z. 
2he hinge-nioment parameters cu and c-u and the lift- 

cf 1 oc tivenoss parameters measured from the same series 

of test? are plotted in figures 141 and 142 as functions 
of the ratio of flap chord to airfoil chord, A few points 
from more recent force tests have also "been plotted on 
those curves o 

figures 143 to 146 pertain to the overhang (inset- 
hinge) type of aerodynamic DalancSa The hinge-moment and 
lift parameters plotted as functions of overhang were meas- 
ured from some of the data presented in figures 1 to 139. 
The slopes were measured at zero flap deflection and hence 
the values are valid only at the'^e points unless the curves 
are linear o The original data, therefore, rather than the 
measured slopes, should be used for design purposes ; the 
curves of figures 143 to 146 are merely indicative of the 
relative merits of various arran^^ement s of aerodynamic 
balance s <, 

Figures 147 and 148 pertain to the characteristics 
of tabs on plain flaps with sealed gaps« Figure 147 
presents the parameter ch-.- ^as a function of tab size 

for various sizes of flaps^ Those data were obtained by 
inte^r^rating the pr essure-di s tr ibiiti on diagrams (fig, 140) 
about the appropriate axes. The curves of figure 143 show 
the computed characteristics of various sizes of balancing 
tabs on a 0o30c and a C,50c plain fla.p* 

Figure 149, derived from unpublished data, presents 
pressure-distribution characteristics typical of beveled- 
trailing-^edge contr-jl surfaceso Fi,':;ure 150, based on the 
correlation presented in reference 26, summarizes avail- 
able data from references 11, 15, 27, and 28 and unpub- 
lished data on the hinge moments of flaps with beveled 
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trailing; edges. The increments of c, and c- caused 

07 tne Ofcvels are plotted as functions of tlie included 
ang-le at the trailing ed^je of the airfoil. 

Figures 151 and 152, taken froir reference 29. sum- 
marize available experimental data from references 30, 
Slj^and S2 and unpublished data on tho characteristics 
of flaps with internal aerodynamic balance. Values of 
AGj,^^ ai-.d ACj,^ are plotted as a function of parameters 

dofiniiic the geometric dimensions of the balancing plate 
and of the flap to be balanced, 

Figures 153 and 154, adapted from reference 33, 
pertain to the norn type of aerodynamic balance. Incre- 
ments of C^^^ and C>i^ from tho data of figures 123 to 

125, supplemented by other test data from references 34 
to 39, are plotted in figure 154 as a function of the 
square root of the ratio of horn area times mean horn 
cnord to control area times moan control chord. 



DISCUSSIOIJ 



IHP.P. Ql. cor rect ions to s c c t i nri_ t a . - The section 
data presented nave been partly corrected for tunnel ef- 
fects. An oxporimentally determined correction has been 
applied only to lift. Recent theoretical analysis of the 
corrections for the streamline curvature caused by the 
tunnel r,alls indicates that the experimental correction 
applied to c^^ is in reasonable agreement with the cal- 
culated -ralne. The calculated correction to 0, was 

''6 

less than that actually applied, which fact indicates 
that the values of a§ presented may be about 5 percent 
too small. 

The tunnel correction that should be applied to 
hinge moments is dependent on the chord of the flap and 
the size and type of aerodynamic balance employed,'' The 
correction may be expressed as 

Ac-^ =0.6 — 5 F 

I 
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Tbe tOTQ c'g is the ratio of the chord of the model to 
the tur:nel gap. This ratio vras i/2 for the pressur e-dis- 
trihution te-t results sho-.7n in figures 14u to IJ'i./"^ 
was 1/3 fo" all other section data presented. The factor 
S' is dependent on the size and type of aerodynamic "bal- 
ance and has been evaluated for only the overhang type 
of balance, Valnes of P for plain flaps of various 
chords and for a 0.30c flap rrith various amounts of over- 
hang have been obtained from reference 40 ana are pre- 
sented in figure 155. The increments of slope to De_ 
added to the section slopes presented in this paper m 
order to correct them to free-air values are; 

Aci,^ = ^°i-^c^°^a 
Aci^^ = Aci^ (-as) 

0 Cl 

These tunnel corrections, which decrease in magnitude 
V7ith increasing flap overhang, tend to make the hinge- 
moment slopes more positive. Ihe corrections for oeyolod- 
i-railing-cd.-c flaps are similfr to but somc^rhat smaller 
thrn those for plain flaps and the corrections for flaps 
with internal balance are similar to those with overhang. 

Pl-^_jn_f Taps . - The lift characteristics of plain 
•^l-p-~or''the'"vc"riouc airfoils tested are nearly indopendont 
of "the airfoil shape, but the flap hinge moments vary 
markedly with airfoil thickness, a plain flap on tno NACA 
0015 airfoil gave values of c-^^^ that were about t-;o-thxrds 

and values of c;^ that were about one-third of the cor- 

resT)onding values'^for a similar flap on the UACA 0009 
airfoil (of. figs. 5 and 59). These results indicate that 
the^e .nust be auite a difference in the distribution of 
pressure over the region near the trailing edge of the 
tr7o -'ir^oUs, Part of this difference may be attributed 
to the greater included angle at the trailing edge of tne 
thicker airfoil. 

Recent un^Dublished tests made by the NACA and tests 
by the British" (reference 41) indicate that the turbulence 
in t're rir stream, the boundary-layer thickness, and the 
location of the transition region have considerable effect 
-T)on slopes of both the lift and ninge-moment curves. Tae 
slopes of these curves decreased progressively as the tran- 
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Gitioii region '7as fixed nearer and nearer the leading edge 
bv raeans of small wires c The reduction in the slopes of 
aiid c-i w,-is groator for thicker airfoils than for 
''a cc 

thinner airfoils. The data presented in tnis paper, 
having heen obtained in turhtxlent wind tunnoi^i, should 
therefore be aore applicable to tail surfaces, which aro 
generally located in a region of fairly turbulent air 
flow, than to ailerons, which arc usually "roll away from 
the slipstroar. and fuselage Take. 

The chordwiso distribution of the rate of change of 
rosultar.t "orcssuro coefficiout with an^^'-e of attack 

a 

and with flap deflection (fig. l-±0) should not be 

0 

ez^ectcd to apply to airfoils other than the NACA 0009, 
for 7:hich the data were obtained. Because of separation 
phenomena the variation of ?p_ with a has the slope 

only bct-een the limits a = ±10° and the variation 

of Pt5 -^ith 6 has tnc slope Pj>, only -ithin ^ = ±10 
si o 

3y grapuical integration of pressure-distribution data 

(references 1 to 3) the variation of c-,^, Cj^^, and a§ 

-rith flap chord was obtained for plain sealed flaps on the 
HACA 0009 airfoil (figs. 141 and 142). 2hese ;Cieures, 
derived froa the saae pressure-distribution data as fig- 
ures 1 and 3 of reference 4, have plotted on them the 
oxpcrimontally determined parameter values that define 
the curves. These data indicate that, between the limits 
specified, the parameters vary in the following manner 
with ratio of flap chord to airfoil chord: 



h„ (Cf /c)''°° for 0 < Cf /c < 0.8 

(cf/c)^'^"' for 0.2 < Cf/c < 0„5 



°h5 
^6 



0.59 

(c^/c) for 0,09 < Cf/c < 0,0 



Increasing the gap at the flap nose adversely af- 
fected the lift effectiveness of plain flaps. 

Gv e r ha ng type of aero.dynamic balance In general, 
three"~shape"s^f flap nose overhang have been investigated' 
namely, the blunt, the mediu.m, and the sharp shapes,- 
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altlioufh some tonts have been njade Trith modi f i c^^ t i ons to 
thesG tasic shapcso 'I'iie data {figSo 144 and 146) indicate 
that on all airfoils tested, for a given amount of ovor- 
han-^, greatest balanco is secured with a "blunt-nose shape 
and or ogressively less "balance is obtained as the nose 
shape "becor-aes sharper^ Kogc..rdless of nose shape ^ flaps 
^7itn large overhan^rs ^ere not so closely balanced at 
small deflections as at inoderate deflections up to the 
deflection at T^hich the flap nose unported. Wlien the flap 
nose unported, large increases in hinge mornent and large 
losses in lift resulted v/ith all nose shapes. At negative 
angles of attack and positive flap deflections (the attitude 
at which the pilot must hold the elevator \7hcn landing or 
the rudder v/hen causing sideslip), overhang types of aero- 
dyn3-:i3ic balances arc iiiost closely balanced and the lift 
of f Oct ivenoss of the control is maintained to 5^ or 10^ 
ccyoni the unporting angle of the controlc At zero or 
positive angles of attack with positive fla-o deflection 
(position of rudder to overcome yaw due to asymmetrical 
power conditions) control surfaces with large overhangs 
cannot be relied on to maintain lift effectiveness beyond 
the unporting an<;<:leo Further deflection causes air-flow 
separation over the flap, Txiis separation of flow gives 
a large increase in hinge moment and no increase (often 
even a decrease) in liite At positive angles of attack 
far above the airfoil stall, flaps with overhangs tended 
to float at greater negative deflections than did plain 
unbalanced flaps (figs^ 107 to 116) but generally required 
less force to hold zero or positive deflections under this 
condition. 

T'he lift effectiveness of flaps generally increased 
slightly with increases in the size of the flap nose 
overhang (figSo 143 and 145), but the lift effectiveness 
of a flap with overhang was still primarily determined 
by the ratio of the chord of movable surface behind the 
hinge to the total airfoil chords Unsealing the gap at 
the flap nose generally improved the lift effectiveness 
of a flap with overhang^ whereas, it decreased the lift 
effectiveness of a plain flap. 

Liodium flap nose shapes generally gave more satis- 
factory characteristics for a control surface than did 
either the blunt or sharp nose sha,pesn The blunt shape 
gave .riore balance but produced greater losses in lift 
".nd balancing moment v/r.en the flap unported a The drag 
of a flap with sharp nose shape v;as excessiveo 
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It 'jp. s pointed ov.t in reference 8 thr.t a flap -71111 
an overhang sui f ic ien tly lar^^e to ^ive overbalance ruight 
"be used in conjunction with a leading tab to correct the 
overbalanced condition of the flap and to increase the 
lift effectiveness of the control, Tliis arran5;ement has 
been testod on a finite-span model (figSo 127 to 130) „ 
The data, indicate that satisfactory c on tr ol- surf a ce char- 
act<^r3 sties can be obtained in this naannerc Such an ar- 
ran'^ement offers the possibility of utilising the large 
overhang as a mass balance for the control so that metal- 
covered control surfaces may be utilized even ^ith a 
saving in weight over conventional fabric-covered sur- 
faces with convent i onf-l mass balance. This same idea of 
leading tab has been carried one step further by applying 
it to an all-movatlQ tail surface (reference 42) o Sy use 
of a leading tab or a flap witii an all-movable tail s\xr- 
faco, the i r ee-i loat ing tendency of the tail surface can 
bo controlled in much the same manner as that for the tail 
surfaces of figures 127 to 130. The analysis and flight 
tests reported in roforenco 42 indicate this type of all- 
movable tail to be an cacrodynamically desirable control- 
surface arrangement , 

Control surfaces with large overhangs, especially 
those with relatively blunt nose shapes, may bo unsatis- 
factory at hign speeds because of excessive pressure 
peaks over the nose of the balancCo Reference 43, which 
reports the results of tests of ailerons with various 
sizes and shapes of overhang, presents some data on the 
magnitude of the peak pressures measured over the nose 
of ailerons having the overhang type of aerodynamic 
balance 0 

Ta b 3 , - The rates of chcange of flap hinge-moment 
coefficient with tab deflection plotted in figure 147 as 
e function of the ratio of tab chord to flap chord were 
obtained from the pressure-distribution curves presented 
in figure 14C* The data, therefore, pertain to plain 
sealed flarjs and tabs on the KACA C009 airfoil « The 
value of Cv for a C,20c -olain flap with a 0,20c^- 

tab was found from force-tost measur en.ents to be -0^010 
on both the IIACA G009 and the ITACA 0015 airfoils and to 
be -0o013 on the KACA oo-0j9 airfoil (references 7, 12, 
and 19) « These values are scmewh^^t smciller than those 
given by the curves oi figure 147, which indicates that 
the absolute magnitude of the parameters presented in 
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fi.-^ure 147 na-y "be soneTTxiMt lii^lic The relative magnitude's 
of tlie paraiiiCtcrG of this lif^ure and hence the varicition 
Tjith tao size are "bulieved reliable « 

The data of figure 147 indicate that a tah of vrhich 
the chord is about 50 percent of the flap chord causes 
the greatest change in flap hinge morjent per unit tab 
doilcction,> A tah of this size should therefore be nost 
effoctivG; as a trini^jlng tabo 
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"balancGj tho lift effectiveness of tlio rerultine: co-ibina- 
tion is about t^o-tliirds ti:.at of the flap rritiuiit tab » 

The reciprocals of the second roots of equation (l) 
are plotted as dashed curves in fi^^ure 148, In this case 
the lift is obtained froa the tab and the balancing is 
accor:jpli shed 07 the flap through the linkage system. It 
can be seen that, as .uight be expected, a O.dOcf tab is 
the optiijuu size of balancing tab for this type of ar- 
rangOL^ent. For a given amount of movable control surface 
the lift of f ec t ivenoss of the O^bOcf tab coi:/bination is 

slightly less tnan that of the c onvon t i ona, 1 balancing tab 
ar range:::;en t but c.^ as v/ell as c,- is coi.iOletely bal- 

ancod. The calculations indicate, therefore, that a 0o50c 
and a Co^^5c flap can be linked to give coinioleto c-r and 

c-_, balance, the srjallor flap serving as the elevator and 
-It 

0 

the larger flao. rhich moves only slightly, serving as a 
balancing and tr im.i:in^-- surface, the trim.i3ing control being 
77 percent as effective as an adjustable stabilizer ^ This 
arrangement is rrorthy of further investigation because of 
its a- ero dynamic character i^j tics and because mass balance 
of the system can probably be obtained r^ith.out addition- 
of concentrated 77eigh.ts. 

l^ol^g:^t-aiAi^!^ed^e ,typo of aerodynami c bal ance . - 
Then a beveled trailing odge is added to a flap of thickened 
profile, the lift, pi t ching-monjen t , and hingo-iuomen t char- 
acteristics of the airfoil are mcirkodly changed from those 
vvith a flap of r.irfoil contour, Tnc slope of the lift curve 
C7 and the lift effectiveness are decreased. The 

aerodynamic centers cf thv lift due to angle of attack and 
of the lift due to flap deflection are both moved forward. 
The rates of change of hinge-moment coefficient both T7ith 
anzlc of attack c-... and rith flap dcfloction cv, are 

^ a "-6 
inc?'oased positively. W^ion the flap is deflected, the 
bevel at small deflections tends to have th.e same effect 
cn hinge moments as a balancing tab, but at large deflec- 
tions its effect is more nearly like that of a trim tab. 
T:ie effect of gap at the flap nose is critical, the param- 
eter C;.,^ being much more positive at small deflections 

i7ith a.n open gap than rith a sealed gap. This effect 
generally causer^ the hinge-moment characteristics of a 
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flap -r'ith Dcvelod trailing edge to bo undesirably/ non- 
linoc.r unless the g?«p at tl\c flap nose is scaled ♦ ITig- 
tiros 46 to 56 and 117 to 122 illustrate the lift and 
Iz i n j2:e -K! cm or: t ciia r a c t o r i s t i c s discussed, 

rigaro 149 "^as derived frorn unpnb li slicd prcssuro- 
distribubion section data for an KilCA 0009 airfoil vzith a 
0«30c flap having a 0ol5c, (30"^) beveled trailing edge, 
the same control arrangement for vaiich forco-test data 
arc presented in figure 50, The rates of change of pres- 
sure coefficient T/ith angle of attack and r/ith flap de- 
flection are plotted as functions of chord^vise position 
for both the upper and the lOTrer surfaces of the airfoilt 
The zero-lift pressure distribtit ion of a - 5 ^ 0° is 
also presentedo Frora these data, the pressure-distribu- 
tion diagrarr,s for angles of attack and flap deflections 
beloTT 10^ cm be estimated for this flap arrangement vrith 
sealed or open gapo The pressure-distribution curves are 
typical of beveled- trailing-edge flaps. 

A preliriiinary correlation of hinge-moment data for 
sealed flaps ^7ith beveled trailing edges has been made in 
reference 23c figures 150 has been adapted from figure 1 
of this referencoo It has been found that the trailing- 
edc?:e angle is of fundamental importance in determining 
the hinge-moment slopes of beveled flaps^ The result of 
correlating the hingo-momont characteristics of 16 dif- 
ferent flap arrangements indicates th.at the effect of a 
beveled trailing edge ma.y be expressed by the following 
relations: 

AC.^ - C.G0113A^/C (cf/c)"'^'^ (4) 

" a oc 
AC;,^ - 0,011i9(C^^(cf /c)^*^ (5) 

The parameters ^.C^^ and AC^, ^ are the increments in 

a ""o 

hinge-moment-coef f iciont slopes caused by changing the 
trailing-edge angle of a flap by the amount A^ degrees • 
The slopes C ^-nd C- are those for the vring vrith an 

airf cil-contour flap. Equations (4) and (5) Tzere obtained 
from the equations for the curves of figure 150, faired 
through the expor imontally determined points « The hinge- 
moment characteristics of a beveled- trailing-cdgc flap can 
be predicted, provided the hinge-momont slopes of the 
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si.Tiilc-r flap 'Tithoat "bevel arc hnomi, oy addin.'^ to these 
slopes tlic increment con tr i"bnteu "by the bevel as coruputed 
fronj equations (4) and (o), Hoference 25 discusses more 
fully tho mothod of correlation and the rjothod of pre- 
dicting the hinge-morijen t characteristics of a flap ^ith 
"bevclod trailing edges. 

Internal ty po of ^a er od ynani c ./^-^Ig^gce , - Tho i n t o r na 1 
typo of aorodynaniic "balance, being cori:plotcly enclosed 
^•itliin tho airfoil coverincT;, does not affect the lift, 
dra;:;^ or pi t Ciiing-uioiiien t characteristics of tho airfoil 
"but does furnish a iiieans of balancinfi; the control surface. 
Several types of internal balance are discussei in refer- 
ence 15o The laost conimonly used, althou.^h not necessarily 
the most aer odynairically desirable type of internal bal- 
ance, is that vrith a balancin.-; plate ri.^idly attached to 
the flap and -jith the vents located near the hinf^e axis. 
Lift and hin -r^ie-ncrjon t data for internally balanced flaps 
are presented in firjures 57, 58 , 73 to 93, 138, and 139« 
The data cover the oficcts of chan^^es in vent location, 
^;ap or a:jount of leak at the nose of the balance, len5:th 
of cover plates, and alinomcnt of cover plates^ A cor- 
rolaticn of iata from Tind-t tinni-l tor-ts of internally 
balanced ailerons is presented in reference 29. fron 
T7hich fi.^uros 151 and 152 are t£ihen , Increments of 

and C-^ oaus3d by the internal bali-ncc have bc'^n plotted 
""6 

as functions of the r-^eometric dimensions of the control 
arran^;cmen t • As determined by the lines faired throu^^h 
the experimental points of fi:':rure 151, tho increments of 
hin-'^o-moment-coef f iciont slope caused by a sealed inter- 
nal balance vented near the hin^-^e may be e:K:pressed as: 




AC,^ = G.359\(l^- (lj2f\(hS''^ (7) 

Fi/*''ure 152 shoTS tho loss in balancin.^ moment AC. 

caused by air l-'ia'^a^o fro::: one side of the balancinv?: sur- 
face to the other. Insufficient data vrere available to 
proi^oiit a similr'.r curve for AC^^ , but the variation 

sho'ild be simil-.r. The characteristics of internally 
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"balancei ailerons can "be e r t i:.iia t ed provided the hin^e- 
moment slopes lor the surface without "balance are known, 
by adding; to these slopes the increment due to the "balance, 
which ca:;i te calculated from equations (5) and (7) and 
correctei for air leakage in accordance with figure 152o 
Mi sal insmon t of the cover plates causes a change in the 
slopes of the hinges-moment cui'ves (figSo 38 to 96) ^ 

l£I J.Z:Q.5---£l-^SJS-ri^-4Z.i^^^ general, as 

Suggested in ""r ef er one e 33c, the horn type of aerodynamic 
balance may he divided into three classifications, each 
having different "balancing cnara c t er i s t i c s Control sur- 
faces such as those of figures 123 to 125 and of figure 
153(a) may he called typo A, Type A horns may he con- 
sidered as tnosc formed oy converting a span^-ise portion 
of the fixed siirfaco ahead of the hinge a::is into movahlo 
surface. Typc^ ±> horns (fif. 153 (h)) may he considered as 
those formed "by adding area at the tip, generally, hoth 
ahead and behind the hinge axis, in such a manner as to 
increase the span of tne unbalanced control surface 
The leading and trailing edges of control surfaces with' 
type B horn^ therefore, are joined by a broken curve 
rather than a continuous one as for t;^/po a horns. Type 
C horns are shielded horns, which may bo considered as 
those formed by providing the movable surface v^^ith a 
large amount of ov3rhang concentrated near the tip behind 
a portion of the fixed surface, 

Figure 1l^4 from roforcnco 33 presents a. correlation 
of hingo-morLon t data for type A and type 3 horns obtained 
from refjronces 34 to 39o Insufficient data are available 
to 'orcsont a correlation of type 0 horns. Increments of 
Ci and C-.^ ^ caused by the horn hc.vo boon plotted as a 

function of a horn-balance factor, defined as the square 
root of the ratio of horn area times horn mean chord to 
control area times control mean chord.^ The plan forms 
of the coubrol surfaces considered in the correlation 
are sketched in figure 153 and are numbered to identify 
the test points of figure 154. Further details and di- 
mensions are generally available in the appropriate 
reference listed on figure 153. 

The data presented in figure 154 indicate the bal- 
ancing effectiveness of type 3 horn to be considerably 
greater than that of type A horn. probably because of 
the dissimilarity of ^-ir flow over the odd-shaped tips 
of the control surfaces with type B horns, the scatter 
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of poir-ts atout tho fairod c-u.rvo is c or. s id orab ly greater 
for typo 3 thaii for type A horns o For cither cypc of 
horn, hoT/ovcr, AC_j^ and AC-^ Tverc appr oxirna t cly oq-aal 

for nearly all the control surfaces for -rhich data wore 
available. ^ A more complote ano.lysis of the hinge-moment 
characteristics of horn-balancod control surfaces is 
presented in reference 33, 

Apo lica t_i on_ of section d ata t o f inito-s pan control 
gurf aces^ - The lifting-line theory can be used as a basis 
for applying: the section data to cstiiijato the lift and 
hingo-iEOiiient characteristics of control surfaces of finite 
spano ?or such application, lift and hi nr/^c^-mornen t charac- 
teristics are vrritton in the form of parameters, Trhich, 
accordin^^ to 1 if t ini}:-iin e theory, arc independent of aspect 
ratio (roforence 4), Thus 

c ? 



C 7. 




(3) 



(c,;;^^ = ^ ^%V^^-^^^^ '''' 

Lif t ir.g-lir e theory eassumes that the induced do^n- 
T:^ash is constant along the chord and, therefore, that the 
chordv:iso distribution of resultant pressure at a section 
of a finite -^ing is the sarr.e as that of a wing of infinite 
span at a lovrer angle of attack. Because the distribution 
of down77ash varies along the chord, however, the effective 
streamline curvature induced at a section of a vring in 
three-dimensional flo^ causes the parameters (ccg) t 



(c. ) , and (C|, ) to vary slightly -^ith aspect ratio 

ratner tnan to be independent of it as lif tin^^-line theory 
assumes. This fact apparently has sqall effect on the 
over-all lift but, for small aspect ratios, introduces a 
pes icle source of error in the calculation of hinge mo- 
men':s, becc..use they are dependent upon the distribution 
as v;ell as upon the magnitude of resultant pressure. 
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Therefore, until lifting-surface theory provides a raore 
exact msthodj, or until empirical correction factors are 
experimentally determined, the lift and hinge-moinen t 
characteristics of a finite-span control surface calcu- 
lated fror. section data must he subject to all the assump- 
tions and limitations of the 1 i f t in g- 1 i ne theory.. 

HefercncG 4 presents the method of applyin;^ section 
data to compute the characteristics of a control surface 
having an elliptical load distribution, \7hich, in effect, 
is a, surface of elliptical chord distribution ^ith a 
constant percentage airfoil chord flap. This method, 
^hen a.pplied to rinji^^^ of other plan forms and flap chord 
ratios, becomes the so-called "strip" method and, in 
general, dees not give sa t i sfa.ct cry resultSo This method, 
horreverj r^hen au^;^mented by experimentally determined cor- 
rection factors, may provide a nore accurate a,nd practical 
solution than the more general method described in the 
follo7<^ing paragraphs. 

In order to expand the method of reference 4 to 
apply to the general case, it is necessary to take account 
of acr cdynarx:ic induction by calculating the span\7isc lift 
distribution per unit change in an:cle of attack of the 
^vholc -ing and per unit change in flap doflectione This 
iSy at best, a tedious process but can bo accomplished by 
methods presented in reference • 44 or 45o Values of 

for the particulcir flap-chori ratio at each spanvrise sta- 
tion can be determined from section data to define the 
span^^ise distribution of effective angle of attack in 
order to compute the lift distribution per iinit change 
in flap deflectiono 

?or the special case of a control surface -ith a 
full-span flap having a chord that is a constant per- 
centage of the. ^.7ing chord, the span-lift distribution 
per unit chango in flap deflection is similo.r to that 
per unit change in ::inglo of attack of the v/ing. If the 
surface is rectangular or linearly tapered, the span- 
lift distribution can bo easily calculated from the 
tables presented in reference 46 and the hingo-moment 
charc'.c tor i s t i c s , therefore, can be more readily estimated. 

The lift coefficient at a section of a vring of 
finite span may be expressed as: 




= c 



+ c 




(11) 
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Tlie r?.tes of charge of t:.ie section 1 i f t~.c oef f i c i en t slope 
with an§le of attack cf the ^liole '7ing and vritij. deflection 
of tlie entire flap are tlierefore 




(12) 



The wing lift coefficient may l^e expressed as; 



^ s 



c^cdy 



(13) 



Tne lift-curve slopes for the e::itire vrinff can "oe found 
by integrating the calculated 1 if t-d i s tr il)ut i on curves, 
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The lift-effectiveness parameter for the entire T^in-; is 
obtained iroi2 the ratio of the calculated lift-curve 

S 1 0 0 O 8 



(15) 
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The hinge-r-Quent slopee are fonnd "07 performing mechan- 
ically the integrations indicated oy the folio-ring ea- 
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Values of (c--, 




an 



for each spanrzise sta- 



tion are obtained by neans of equations (9) and (10) 
froii] available section data^ The section data presented 
in this paper give the variation of section hinge-moment 
parameters ^ith ratio of flap chord to airfoil chord for 
sealed plain flaps and ^.7ith overhang for a Oo30c flap on 
several airfoilSo These data should "be corrected for 
tunnel--.7all effect in the manner already indicated^ 
Until more data "become available, the hinge-moment param- 
eters of balanced flaps may be assumed to vary in the 
same manner \7ith ratio of flap chord to airfoil chord as 
do the parameters for plain flaps , 

Hecent ^7ind-tunnel tests (unpublished) have indicated 
that man^'lf actur i ng imperfections on the flap such as rib 
stiching and the sagging of fabric betvreen the ribs of a 
control surface have considerable effect upon the hinge- 
moment character is tics c This fact snould be realized rrhen 
computing the hinge moments of an airplane control surface 
from section data obtained from a model wing of true air- 
foil contour e It is imperative that the section data 
applied are those for e.-^actly the same airfoil profile as 
the sections of the finite-span control surface, Arbitrar 
modifications to an airfoil profile, such as shortening or 
lengthening the distance from a hinge axis to the trailing 
edge, are apt to cause large changes in the hinge-moment 
characteristics from those of the basic airfoil section. 

The aerodynamic section characteristics of an iso- 
lated horizontal tail surface (reference 47), tested in 
tile 1?ACA full-scale tunnel have been estimated from sec- 
tion data in the manner already outlined. The horizontal 
tail surface had the folio-ring geometric characteristics: 

Airfoil section , JIACA C009 

Aspect ratio . . . • o * 4,7 

Taper ratio (rounded tips) . . . e 2:1 

Sq/S (nearly constant percentage c^iord elevator) 0o41 

Bltint-ncse overhang , O.lOcg 

Gap o 0.005c 

The span load distribution per unit angle of attach 'ras 
calculated from, the tables of reference 43 and was arbi- 
trarily altered at the center section to account for the 
effect of a cut-cut r^ade in the elevator for the rudder^ 
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Because the elevator rras nearly a cor.stant percentac® of 
tiie airfoil chord along the spar., the span load distrihu- 
tion per unit elevator deflection -jas assurr^ed similar to 
that per unit, angle of attack; that is, 07,^ was assumed 

eaual to ci • The section hinaie-moinent-coef x icient data 

^ere obtained from ii^:uro 144(c) "by assuming that the 
slopes for a "balanced flap vary wibh flap-chord ratio in 
a inr.nner similar to those for an un'oalanced flap (fig* 142) 
Seccion lift characteristics were oJtained from figures 
143 and 141 oy njaking tnis sa:i3e assumption. The theoret- 
ically derived ccrroction for the streamline curvature 
induced "by the tunnel vails, 'Thich has already iDoen dis- 
cussed, vras a".o'plie.l to tno hinc-^e-monen t parameter (c]^ ) . 

6 

This correction reduced the value of (ch ) for the 

c^ 5 

0.4L>c flap by S percent. The parameter (ch.) Tvas 

0 c ^ 

negligibly afAOctel "by txiis tunncl-'vall correction. 

A comparison of the calcui^^ted vrith the measured 
values is presented in the following; table: 



Parameter 


Oa leu la tod 


, Mea siared 




value 


valuo 




■0.063 


0.050 




-.71 


-.70 




- .0051 


- ,0045 










- .0106 


-oOOSO 



The calculated lift characteristics are in reasonable'' 
good agroeraent ^ith the measured values. The parameter 
Cji^ \Yas calculated to be 0.0016 more negative and the 

parameter ^hg' O.OOoo uore negative than the corre- 
sponding measured values. It ^o\;.ld bo expected, however, 
that the computed values should be more joositivc than the 
measured values, Tho section data \7ei e obtained in a 
turbulent tunnel and the transition region should there-* 
foro be further forvjard; thus, the section hinge-moment 
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slopes should "be more positive than those measLired ixi the 
less turhulent full-scale tunnel^ The effect of stream- 
line curvature caused "by the finite-span airfoil prohahly 
accounts for a large part of the discrepancy hetrreen the 
computed and the measured values o a s treamline^curvature 
correction theoretically derived from lifting-surface 
thoory for an elliptical Tring indicates that a reduction m 
of about 14 percent, for this case, in the value of J> 
(r-^ ) is justified for this aspect ratio. When this 

aspec t-^ratio correction is applied, a slic^htly closer 

agreement -^ith the measured values is obtained, the cal- 

cul-'ted ^^plue of Gn then heinc^: -0o0053 and that of 

a 

Ci^^ "being ^OcOlOSo 

The limitations of the lifting-line theory as a 
oasis for estimrtin.^ the aerodynamic characteristics of 
a finite-span control surface from section data are 
indicated hy tlie example cited. Unfortunately the 
marr^in of error, uhich for hin^e-moment slopes amounted 
to ahout 20 percent of the slope values of the unbalanced 
surface, is not tolerable for purposes of estimating the 
characteristics of a closely balanced surface for a large 
higii-s-oeod airplanCc Saitable correction factors must be 
obtained, either theoretically or experimentally, before 
the hinge-moment characteristics of a finite-span control 
surface'^can be accurately predicted from section data. 
The determination of these factors remains a project for 
future invest iga tion . 

COSGLUDIiia ESUAHZS 



A large quantity of data, much of which has been pre- 
vioudy published, has been gathered and presented in one 
report' for convenient reference. It is beyond the scope 
of this paper to dravr conclusions concerning the merits 
01 various'* typos of airplane control surfaces, only a 
very limited analysis of the accumulated data having been 
made. The basic data presented and the curves correlating 
the results of many tests of several types of aerodynamic 
balances should facilitate tne design of balanced control 
surfaces 9 

Langloy ^iomorial Aeronautical Laboratory, 

iTationcal Advisory Committee for Aeronautics, 
Langiey Field, Va . 
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(c) KACA 66-009 97-106 

2. Aerodynamic "balance 

(a) Plain flaps 1-8, 53-60, 
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71-75, 99-106 

(c) "Bev-led trailin^^- ed^e 47-56, 149 

(d) InLornal "balance 57-^58, 76-96 

3. Pr e -^-"L'.r e di f g ritut i on 

(a!^ Piain f j aps 140 

(d) Beveled trailing edge 149 

II - Pinite ppan i£^ta 107-139 

1, Aer otj; Ji^Liic l-alance 

(a) Plain flaps 107-108, 131-133 

(■"o) Overhang (inset hinge) 109-116, 127-130, 

134--137 

(c) Beveled trailing edge 117-122 

(d) Intern-i.l "balance 138-139 

(e) Horn balance 123-126 

III - Pc\ramet er s 140-155 

1* Aerodynamic lialance 

(a) Plain flaps 141, 142 

(Id) Overhangs 143-146 

(c) •"Jabs 147-148 

(d) :Bevelod trailing edge 150 

(e) Inl-evn^^l bal^.nce 151-152 
(r) Horn balance 153-154 

2o Tunnel correction factor 155 

IToT-o: Variaoler- not specifically assigned values on the 

various li^.-uros of this paper are held constant at zero iT.agni~ 
tude for the data presented i.-. each fi.'^:ure, even though certain 
variables, such as tab deflection or an;:;le of yaw, liiay have 
been varied in t.:e investigations reported originally in the 
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TABLE I.- INFORMATION RBOARDINO TWO-DIMENSIONAL-FLOW MODELS 

TESTED IN NAG A 4- BY 6 -FOOT VERTICAL TUNNEL 

[Teit Reynolds nunber, 1,430,000; Mach number, 0.1; turbulence factor, 1.93. 
Experimental tunnel wall correctiona applied to lift onlyj 



Flap section 




NAG A airfoil 
designation 



Cf/c 



Cb/«f 



Type of balance 



Description 
of balance 



Nose gap 



Reference 



0000 



0.15 



0,10 



0009 



0.20 



0.10 



0009 



0.30 



0.09 



0009 



0.30 



0.20 



0009 



0.30 



0.20 



0009 



0.30 



0.20 



Unbalanced 
plain flap 



Circular arc 



Scaled, 0.006c 



Unbalanced 
plain flap 



Circular arc 



Sealed, 0.005c 



Unbalanced 
plain flap 



Circular arc 



Sealed, 0.001c, 
0.005c, 0.010c 



Overhang 



Blunt nose 



Sealed, O.OOlc, 
0.006c, O.OlOc 



Overhang 



Modified 
blunt nose 



0.005e 



Overhang 



Medium nose 



Sealed, O.OOlc, 
0.005c, O.OlOc 



20 



20 



0009 



0.30 



0.20 



Overhang 



Modified 
medluxn nose 



0.005c 
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TABLB I»- INFORMATION RBQARDINO TWO-DIMBNSIOIAL-PLOV MODELS 

TB3TKD IN NACA 4- BY B-POOT VERTICAL TUNNEL - Continued 

[Test Reynolds nuBber, 1,450,000; Maeh nuinber, O.l; 
turbulence factor, 1.95. Experimental tunnel wall 
corrections applied to lift only.] 



X 

L- 



^Tunnel walls 4* 



Hinge axis 



Plan fora 



Plap section 



NACA airfoil 
designation 



5f/c 



Ob/Of 



Type of balance 



Description 
of balance 



Nose gap 



Reference 



Figure 



0009 



0.30 



0.20 



Overhang 



Sharp nose 



Sealed, 0.001c, 
0.005c, O.OlOe 



19 to 22 



0009 



0.30 



0.20 



Overhang 



Modified 
sharp nose 



0.005c 



23 



0009 



0.30 



0.35 



Overhang 



Blunt nose 



Sealed, 0.001c, 
0.005c, 0.010c 



10 



24 to 27 



0009 



0.30 



0.35 



Overhang 



MediuM nose 



Sealed, 0.001c, 
0.005c, 0.010c 



10 



28 to 31 



0009 



0.30 



0.36 



Overhang 



Sharp nose 



Sealed, 0.001c, 
0.005c, 0.010c 



10 



32 to 35 



0009 



0.30 



0.50 



Overhang 



Blunt nose 



Sealed 

0.0015c 



36, 37 



0009 



0.30 



0.50 



Overhang 



Medium nose 



Sealed 

0.00160 



38, 39 
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TABLE I.. INFOBUATIOR RBQARDINO TWO-DIMSNSIONAL-FLOW MODELS 

TESTED IN NACA 4- BY 6-POOT VERTICAL TUNNEL - Continued 

[jest Reynolds n\mibpr, I^iSO^OOO; Mach nuBber, 0.1| 
turbulence factor, 1«99« ExperiBwntal tunnel wall 
corrections applied to lift onlyj 



Flap section 



HACA airfoil 
di^signation 



3f/c 



Cb/cf 



Type of balance 



Description 
of balance 



v 


^Tunnel walls 4'—^ 








= 2» 






1- 


Hinge axiff 








Of 




Plan fom 





Nose gap 



Reference 



Figure 



0009 



0.30 



0.60 



Overhang 



Modified 
medium nose 



40, 41 



0009 



0.30 



0.60 



Overhang 



Sharp nose 



Sealed 

0.00150 



4e, 43 



0009 



0.30 



0.60 



Overhang 



Modified 
sharp nosa 



0009 



0.30 



0.09 



Profile 
modification 



Bulged flap 
profile 



Sealed 

0.0015c 



Tiipit>li8hed 



44, 46 



Sealed 

0.005c 



11 



46, 47 



11^ 



0009 



0.30 



0.09 



Profile 
modification 



Beveled 
trailing edge 



0009 



0.30 



0.09 



Profile 
modification 



Elliptical 
trailing edge 



0009 



0.30 



0.09 



Profile 
modification 



Circular 
trailing edge 



Sealed 

0.005c 



11 



48 to 63 



Sealed 



11 



54, 56 



Sealed 



11 



56 
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TABLE I.- INFORMATION RBGARDINO TIO-DIMENSIONAL-PLOW MODELS 

TESTKD IN NACA 4- BY 6-POOT VERTICAL TUNNEL - Continued 

[rest Reynolds nianber, 1,430,000; Mach number, 0.1; 
liurbulence factor, 1.93. Rxperlaental tunnel wall 
corrections applied to lift only.] 



c =2« 



-Tunnel walls 4» 



Hlnge_axli_ 



_i 



Plan form 



Flap section 



NACA airfoil 
designation 



f/c 



Type of balance 



Description 
of balance 



Nose gap 



Reference 



Figure 



0009 



0.30 



0.50 



Internal 



Vent at 0.56c 
and at 0.69c 



Sealed 



16 



57, 58 





0015 



0.30 



0.15 



Unbalanced 
plain flap 



Circular arc 



0015 



0.30 



0.36 



Overhang 



Blunt nose 



Sealed 

0.005c 



Sealed 
0.005c 



12, 16 



13 



59, 60 
69, 70 



61, 62 




0016 



0.30 



0.35 



Overhang 



Medium nose 



Sealed 

0.005c 



13 



63, 64 




0016 



0.30 



0.50 



Overhang 



Blunt nose 



Sealed 

0.005c 



14, 17 



65, 66, 

71 




0016 



0.30 



0.50 



Overhang 



Medium nose 



Sealed 
0.005c 



14 



67, 68 




0016 



0.30 



0.50 



Overhang 



Blunt nose, 
modification 1 



0.005c 



17 



72 



L-663 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



TABLE I.- INFORMATION RBOARDINO TWO-DIMENSIONAL-PLOW MODELS 

TESTED IN NACA 4- BY 6-POOT VERTICAL TUNNEL - Continued 

[Test Reynolds number, L,4S0,000; Mach number, 0.1; 
turbulence factor, 1,93. Experimental tunnel wall 
corrections applied to lift only.l 



-Tunnel walls 4»- 



Hin ge axl a 
Plan form 



J. 
1 



Flap section 




NACA airfoil 
designation 



0016 



Cf/c 



0.30 



Cb/cf 



0.50 



Type of balance 



Overhang 



Description 
of balance 



Blunt nose, 
modification 2 



Nose gap 



O.OOSo 



Reference 



17 




0015 



0.30 



0.50 



Overhang 



Blunt nose, 
modification 3 



0.005c 



17 




0015 



0.30 



0.50 



Overhang 



Sharp nose 



0.005c 



17 




0015 



0.30 



0.50 



Internal 



Narrow 
cover plates 



Sealed, 0.0011c. 
0.0023c, 0.005c 




0015 



0.30 



0.50 



Internal 



Medium 
cover plates 



Sealed, O.OOllo, 
0.0023c, 0.005c 



17 



17 




0015 



0.30 



0.60 



Internal 



Large 
cover plates 



Sealed, O.OOllo, 
0.0023c, 0.005c 




0015 



0.30 



0.50 



Internal 



Cover plates bent 
In and out 
at 0.63c station 



Sealed 



17 



18 
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TABLE I.- INFORMATION RBOARDINO TVO-DIMBNSIONAL-FLOW MODELS 

■ TESTED IN NACA 4- BY 6-POOT VERTICAL TUNNEL • Concluded 

[rait Reynolds rnnaber, .1,430,000; Mach nianber, 0,1; 
turbulence factor, 1*93. Experimental tunnel wall 
corrections applied to lift only^J 



r 

L- 



Tunnel walls 4'- 



Hin ge axle _ 



Plan form 



Flap section 



NACA ^ilrfoil 
designation 



Cf/c 



ObAf 



Type of balance 



Description 
of balance 



Nose gap 



Reference 



Figure 




0015 



0.30 



0.50 



Internal 



Cover Dlates bent 
in ana out at 
0.50c station 



Sealed 



18 



94 to 96 



66-009 



0.30 



0.11 



Unbalanced 
plain flap 



Circular arc 



Sealed 
0.005c 



19 



97, 98 



66-009 



0.30 



0.36 



Overhang 



Blunt nose 



Sealed 

0.005c 



19 



99, 100 



66-009 



0.30 



0.60 



Overhang 



Blunt nose 



Sealed 

0.005c 



66-009 



0.26 



0.30 



Overhang 



Blunt nose 



Sealed 
0.001c 



19 



101, 102 



Unpublished 



103, 104 



66-009 



0.26 



0.30 



Overhang 



Modified 
blunt nose 



0.001c 



Unp\±)ll5hed 



105 



66-009 



0.26 



0.30 



Overhang 



Medium nose 



O.OOlc 



Ikipublished 106 
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TABLE II.- INFORMATION REOARDINO THRER-DIMENSIONAL^FLOi MODELS 
TESTED IN THE LMAL 7- BY lO-POOT TUNNEL 

NATIONAI Anvi^sMRV [Turbulence factor, 1.6. Tunnel-wall corrections applied 

INAIIUIMAL ADVISORY In accordance with reference 40. J 

COMMITTEE FOR AERONAUTICS 



Plan form 


Typical section of 
control Burfaoa 


Aspect 
ratio, 
A 


Taper 
ratio, 
X. 


Se/S 


3b/3« 


Airfoil 
section 


Test 

condition 


Oap 


Reference 


Figure 






\ 




3.7 


0.67 


0.27 


0.09 


NACA 
0009 


Horizontal tall 
on 

pursuit fusela^ 

R = 502,000 
M = 0.1 


Sealed 

0.005c 


21 


107, 108 








Unbalanced eleTator 








' — (v 4 — 


3.7 


0.67 


0.27 


0.35 


NACA 

0009 


Horizontal tall 
on 

pursuit fuselage 

R = 502,000 
M =r 0.1 


Sealed 

0.005c 


21 


109, 110 






Blunt^nose elavator 








3.7 


0.67 


0.27 


0.35 


NACA 

0009 


Horizontal tall 
on 

pursuit fuselage 

R = 502,000 
M = 0.1 


Sealed 
0.005c 


21 


111, 112 




Sharp^nose eleTator 








3.7 


0.67 


0.27 


0.50 


NACA 
0009 


Horizontal tall 
on 

pursuit fuselage 

R = 502,000 
M = 0.1 


Sealed 

0.005c 


21 


113, 114 




Blunt^^ose elerator 








3.7 


0.57 


0.27 


0.50 


NACA 
0009 


Horizontal tall 
on 

pursuit fuselage 
R = 502,000 
M = 0.1 


Sealed 
0.005c 


21 


115, 116 






Sharp^ose al^rator 










3.7 


0.67 


0.27 


0.09 


NACA 
0009 


Horizontal tall 

on 

pursuit fuselage 
R = 502,000 
M = 0.1 


Sealed 

0.005c 


22 


117 to 122 






Bei 


talad»tralllAX*#diia alarator 



L-663 
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TABLE II.- INFORMATION REGARDING THRKR-DIMENSIONAL-FLOW MODELS 

TESTED IN THE LMAL 7- BY lO'-FOOT TUNNEL - Concluded 

[Turbulence factor, 1.6, Tunnel-wall corrections 
applied in accordance with reference 40.J 



Plan fom 





Typical section of 
control surface 



Medium-noee elerator 



Blunt-nose eleTator 



A 



3.96 



3.96 



0.58 



O.St 



Se/S 

or 
3r/S 



0.43 



0.30 



Sb/Se 

or 
Sb/Sr 



0.41 
.40 
.38 
.36 



0.50 



Airfoil 
section 



Modified NACA 
synmetrical 



Modified NACA 
symmetrical 



Test 
condition 



Semi span model 
R = 1,920,000 
M = 0.1 



Semispan model 
R = 1,920,000 
M = 0.1 



Gap 



0.02c 



DnpubliJihed 
data 



0.02c 



Unpubliahe(3^27 to 13C 
data '■^ ^ 



Reference 



123 to 12€ 



Figure 




2.41 



0.47 



0.42 



0.13 



Modified 
NACA 66 
series 



Unbalanced rudder 



Coo^lete tail on 
stub fuselage 
R = 1,510,000 
M = 0.1 



Sealed 
0.113 

\nch 



hPS^^;H31 to 13^ 




2.41 



0.47 



0.42 



0.20 



Modified 
NACA 66 
series 



Mediun-nose rudder 



Complete tail on 

stub fuselage 
R = 1,510,000 
M = 0.1 



Sealed 

0.113 

tnch 



Unpiiblished 
data 



134, 135 



Medium-nose rudder 



Internally balanced rudder 



2.41 



0.47 



0.42 



0.31 



Modified 
NACA 66 
series 



Complete tail on 

stub fuselage 
R = 1,510,000 
M = 0.1 



Sealed 
0.113 

inch 



Hipublished 
data 



136, 137 



2.41 



0.47 



0*42 



0.20 



Modified 
NACA 66 
series 



Ccnplete tail on 
stub fuselage 
R = 1,510,000 
M = 0.1 



Sealed 



^^^t^ 138, 139 
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NATIONAL ADVISORY TABLE III.- AFRODYNAMIC PARAMirPRRS AND CORRELATION CHARTS 

COMMITTEE FOR AERONAUTICS 



Type of balance 


Subject 


Airfoil 


Type of data 


Reference 


Figure 


Plain flaps 


Pressure distribution 
Lift 
Hinge moment 


j> 0009 


Section 


\ 


1, 2, 3 
1, 2, 3, 7, 20 
1, 2, 3, 7, 20 


140 
141 
142 


Overhangs 


f Lift 
< 

Hinge moment 


0009 

J 0015 
1 66-009 
0009 

r 0009 
J 0015 
1 66-009 

0009 


r Section 

Finite span 

I S ti 
r Section 

Finite span 


f 7, 8, 9, 10 
< 12, 15, 14 

I 19 
21 

f 7, 8, 9, 10 
S 12, 13, 14 

1 19 
21 


143(a) to (d) 
143(e), (f) 
143(g), (h) 
145 

144(a) to (d) 
144(c), (f) 
144(g), (h) 
146 


Tabs 


Hinge moment 
and 
lift 


0009 


Section 


1, 2, 3 


147, 148 


Beveled trailing edge 


Pressure distribution 
Hinge moment 


0009 
?<any 


Section 
Section and finite span 


26 


149 

150 


Internal 


Hinge moment 


Many 


Section and finite span 


29 


151, 152 


Horn 


Hinge moment 


Many 


Finite 


33 


153, 154 


Plain flaps 
and 
overhangs 


Tunnel correction 
factors for hinge moment 


Any 


Section 


40 


155 



vO 
I 





Fiqure /?l - A/ACA I QQ09 :a\rfc^i;Q0j:^ plain flofi^^ 




^ hgur^ S.- A^ACA 0OO9 a/rfo// , 0.30 c p/a/n flop , 
sea/ecf gap. 




(decf. 



c^- 0.30c 




-J 




'15 -/O -S . . O S /O 

Angf/e of af-fack ^ ccq , deg 

' ! ■ 

r/gure /3,- NACA OOOQ o/rfo// , 0.30 c f/ap 

LU/th 0.20c^ moc//ned b/unt-no^e overhang, 0.006c gap. 



0.20 Of 




Figure /4. - A/ACA 0009 air foil. 



O.ZO Cf \ iTizclium-nos<z ov<zrhanq y 



tr^ , f/ap \ U/ffh 




-/O -5 0 5 

Ang/e of otfacK. cc^ , deg 



r/gure /erA/ACA G009 a/rfo/'/j 0.30c f/ap w/th 

O.ZO Cf med/un-Nose over/iong, 0.O06c gap. 




, '30c: f/ap ^/€h 
- 20 777 e cf/um - h ose o/e/;hong, 0. 0/0 c gap 



vO 




^ . ... 1 : - i . ! • ! • i ^ ___LlI__ 

ngur<z /9- NACA 0009 airfoit , 0.3Qc flap tuf/h 
O.^Oc^ sharp-nooe overhong^ 3^Ql(zd gap. 





OQO>9 afi-fh^!, -OJOcj fk 



-iO -5 O 5 /O 

Ang/e or offac/^, oc^^ deg 



F/gure ^./.- A/AC/\ 000<P crirro/V, 0.30c f/ap uy/fh 
O.^Oc^ sAarp -nose overhang^ O.OOJc gajo. 




IgM Li' NACA : dOO& MM^ O.SO c 

02OCf ^i}^0^-pafm ^jDverfyang^ O.O/Oc gap. 



-t^- 



— c 




Ang/e of otf-ocH, pc^ , deg 



rjoare ^3.-/\/ACA OOOQ o/rfo//, O.JOc f/oo cu//h 
(I£OCf. modined sharp -nose over/)a/jgj ODO^c gap. 



— -I 




0.35 Q - 



j--C^'0.30 c 



^ 




Angl^ of ^xjttacX^^^sK^, deg 



/"Igure I4r A/ACA 0009 air foil , O.JOc f/Qp uy/fh 
O.JJc^ t)/unt~nos(z overhang, sea/ecf gap. 



|_ c — 






0.35 c^-- 


h — c^=0.30c — - 






r/gure Z5- A/ AC A OOO^ o/rro/V, O.JOc r/ap (M/fh 
0.36c^ blunt -nose oyerhang, O.OO/c gap. 



I 




~I5 -/O -5 0 S /O 

Angle of attack ^ oc^^ deg 



ngure Z 6.- A/ AC A 000& a/rro// , O.dO c f/op uuith 
(136 jb/unt-no^e overhang y 0.OO5 c gap. 



vO 
I 



c 




h __zr^^^=. 








f/gure ZZ-A/ACA Q0Q9 QirfQil^ L:G^Q61 



; flap. .. f^/A 



^.4,O.JJ c/- d/unf-nose oi^erhongy O.OIOc go p. 





NATIONAL AOVISOHV - 
OUMMITIEE FOR AtRONAUTICS 



\^^Ang/^ of : oftQcA. bCg, deg 



TJ^^urt^ Idr AlACA 0009 atrfo/7, O.JOc f/op Ufifh 
:,:SQ.J6Cf medium-no^e overhang , ^eo/ed gap. 




-S 0 v5 



f/gurz Z3r/VACA ~^0Q airroi/^ 0.30c flap a////) 
0.36 Cf m€c;//a/T3 nO'S6 overhang^ 0.00/ c gap. 




-5 O o 

:^AngJ<z of affacK^ oc^^ d<zg 



npure 30-NACA 0009 airfoif ^ 0.30c flap uuiih 
O.J5c^ rmci/Um-no5(z oi/^rhangj 0.006c gap. 




3lr/^ACA OOOQ o/r/W, 0 3 Oc ' f/Qp uj//h 
Q.35o^ sharp- nose overhoJig, sea fed gop. 



-/5 



Ahg/e 



-5 
of 



^2: 



dF 



Ffgure 35rA/ACA OOOQ a/rfo//^ 0.30c f/op uj///n 
0.35c^ shorp-nose cNer/)ang, O.O/Oc gap. 









^Witt---iTi-^---^-tritttH^ 


















:lt=±ii±:T^=iiJ=|+ii==iH|^ 


















V3 1 ! M } 1 i I 1 t 1 — ^H-t-- — i-l i ' '/Ltn' I ' 1 

1 i • i i i -t" ' i ! i . • j ! 1 

Mm- 1 1 1 1 1 ^-L- -f---|- 

1 1 1 ■ , i , { 1 1 + ^^41-0— ^ 

tt- T 1 1 1 j j -i 1 i 1 ' 1 1 1 1 


r-H -i-~rt — ' — "+"5 — nlst— , -1 — ' — M 

! i .. .i |, \, Uj— : '[Mi h 

; ! I 1 ■ i i .•}:.■.! , 4. 

■ 1 ' i ; 1 • ' ' ' 1 ' 
1 1 i ; i i '111. 


-t 


t; T ■■i~'-T+"i^W7^e: iTT-^fy/s 


i±:itM^ji+^ 

.:. . :....UL_.i X..u_J I. ._j _1 :. --t ! i —U- -t -X-\— 

i ; 1 11 ! ! \ iiitiftiaAi !An\/i(rvi\ i ^ 

J — , — ■! . 1 — 1 j V — \ — ^--f|A4iyMAL ;AU-V»Un If — '. — ' — ! j i 

t- ■ -r~^^t- r • i?fc>r--^t 


u 

. 

-1 
1 

H 

i 

-1 










-/5 -JO x5 O J /O 

Angle of attacK , oq,, d^g 

7/gu/v Jr.- NACA~~dddQ ~Q7rfol/ , 030c flap uuith 
Q60cf blunt -nose overhonq . QOOI^c gap. 




0.50 a 



0.30c 




.Ij^^u^ozoose : overhang ^ mod/f /cot/on J ^ sea fed go^ 




F/gure'JiTNACA. ^ 0009 o/rfo//,. 0.30c f/ap m/t) 0~50cf 
medium-nose overhang, moo/ if /cat ion J ^ 0.00/5c^ap. 




-15 -/O S O 5 /O 

Angle of attach, oc^. deg 



ngure ^l.-NACA OOOS a/rfoit , O.dO c ft op uL'ith 
060 Cf. ^sharp-nose overhang , ^s-eated gop- 



I 




vO 
I 




Angle ot^_Mt 



ngure 47- WACA 0009 



w/fti. 



bulgecf prof He ^ 0.005c gap. 



•H- 



6f 4: 
^ (deg}_.IdegiL 



(deg) ^ 10. <^ 30 
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'15 /O '5 .0 5 /O 

Angle of attach, cx:^, deg 

r/gure 5Zr NACA 0009 airfoil, 0.30c flap w/th 
0.10 c. beveled trailing edge , sealed gap. 



zlO 



5 



C 



lAngle of ^ Mttack^. oc^, deg 



5 



/O 



:,-^gure 53rNACA 000^ QirfoH\ 0.30c flap with' 
O.IOc^ beveled frailing edqe, 0.005c pap. 



I" 




0.56c ^A\C^\—Cf' 0.30 c — 




\^c^'0.30c — 





-ZO -15 -10 -5 0 5 /O 15 

Angle of attack, oc^, deg 

Figure 60 - NAQA 0015 airfoil, 0.30c plain flap, 0.005c gap. 




AngJe of ottacK, oc^, deg 

rigurz'eirA/ACA OOl3 o/rfo// , Q^Oc flap LU/th Q>36% 
blunt -no^t over/iang.^ scaled gap. 




rrgure 63rmCA 00/13 airfoff, CLdOc 
werhang^ ^&Qleci gap. 




/76)je overhang J 0D06c gap. 




. 1 i [ 



it 



ttr 



c - 




-^0 -X5 '/O - -J • 0 ^ 10 /J 

Angle \ Of\ a tfocK^ oc^, deg 



ngure ddrNACA OO/J afrfo/l , OJOc flap uu/'f/l Q60Cf 
med/um - no^e overhang, OOOoc gap. 




-^-^-p-j^: . p/o/n f/op, sca/cd gap. 



H 

\—c^-0.30c 





% 




— ^ h-c,'0.30c — 

— Q50c, k 




/7<^ure7Z.-NAth i)OJ5 Ci/rfoil, O.SOc : strahhT contour f/Qp 



0.50c^ 







H — i j — 1 — H -^-f--' mH — ^ — r---H 

L i L- -J--^ i i_4_J 




1 „ ■ 1 1 1 - i - _|_ ip 


-h- -1- 4- +-H- — 1 — h-i — 1- -t — M'' 




^_-..44-H ; 














n, T-r-f 1 ^^^-.--^-^±i+I;r±:=:J 

-^Jb ^ ! _U_4 — j_ UU j -Ci- } 1 i i 1 jl^ !_ 


X-j— 1-4— j: X +:tr -r m i _ 


mil 1 1 1 1 ■ 1 1 i 1 

-Hli"" rp J:L:-ii^^+-^---4^:J: ■ =:± 
:lI:f3=;s4:=:f+:===:::::=:::::--fi:t:-::: 


J i ■ i i 1 : i : i 1 i : i ■ 1 ' ! 

+ - =^=f=-4T -++^^++- -+=r- 


— H-fH r-i- l~H"i""^"^^ 


H-i {--] L -MAtiojot ^ovtBoiry - — 


X "zz : - J jEf:4:-+-+iL:-j_ ± ±-4. :^ 


_ l: I xbi qi-i- H i 1 it i 4:4— 


j "~\' r 1 1 ' i +~i i?*;f r(9t^ irjf (d| 
' ±"^", 0.50(Zf bJLjnt-nose overhang, 


Mt?q^ j ^-LJ-IL--^ 1 i j i 1 i 1 ; 
n-rr^ r -H-i j-r i -r^4x::ii^:tl:-^-j-:C±x: 
c strafjhr contour f^ap: vv/th : 
mod/f/caf/on 2^ 0.0.05 c gop- 




Figure 77.--Nh0h DDIS o/rfo///0.30c sfrajghf-conf our flop with O.SOCf sharp-nose 
a\/trhanQ, narrow cover plate , (9. 00)1 r fap. 




Angl es, ■ ^^-ifT[;^4>tj ^• ^;^j7^ \ 



Figure &)-NkCA OOlS airfoi/, 0.3Oc\ siraifM^ co/itQur fJap m^-GJ^ 
sharp-nose overhang, medium cover p/ai k\ 



-to 



7y/e of atfacH^L.^, deg 



15 



j^Ggaredl-HhZK 0015 airfoil , 0.30c ^.s^xalghf - cantoar flap v^ifh 
0.60 Cf sharp-nose overhang, ynediurry cover plate, QOOIIc gap 




frgure32-/VACA "OO/S airf6il ^ 0.30c ^tta/gfyf- contour f/a/o^ 
nose oh ^t /lany, jpedi^^^ . oo^ fr /o/atc , 0^00^ ' 



with OSuCf sharp- 
cgop. 





s/?arfi'/jose .ov£/:/?o/7^^ rnedium cover plate ^ 0.005 c g^p. 



- c 





\5hQrp- nose averhang^ 



f/ap With 0.60 df 
sea/ed gap. 




tlM iUirinqht-cont6iL>r flap with 030 
\arqe c6yir ptQfe\ O.QOIkgap 





fj^i/re &6r)f/ACA OO/A dirfojlyaSOcstrdvq^^^^ 
OSOc^ sharp'nose\ overhang large cover plate, 0.0023c gopl 




.... 



-ZC 




-10 . -J 0 

TMigle . of . attack, oa^^deg 



J^/E '&3.- 0CA 0015 mf Oil a^c, ^.might^oQrifpm^^^jtM^^i^i 
' seaJ&:tg(7f\ Qp\i{er ptai& be/)t out\(dQ62$.a .^/iji^ff^ 





\fy3ure SO.-UhCh 0015 bM^dSOc 'sMpht-contoor f/ap wih oSOq internal balari^. 
[^_^^.a?)<^^;^^-/^ out at 0.629c. station^ \/^,^)zeWQ18c. . , 




.gufE 2L-NAGA: PQ15. QirfQilijQSOc. straighf^contcur -flap wrth .Q.5Qcj: . internal 





sealed cover ppte beij^ cHJl at^Q ' 



-7-| -^-r - 
I • 

53^ 



-20 -/S -10 -J 0 J 10 IS 

Angle of attack, oCo,deg 



figure 55-MACA 0013 airfoil, 0.30c, straight-contour lJapjyjuth;0|5Q^ 

sealed gap, cover plate bent out at 0.50c stdtion; vient 'size O.0lo46c, '\^' 




"^ri±>atance, sealed qap; cover plate bent in athsjOd statiQnTVfent 



1 



i 1 1 1 1 1 1 1 It I i 1 1 1 i 




0,-0.50 c 




•f 



I — c,-0.30c — 






0.3 5 cf bluni-nose overhang, scaled gap. 



— c 





050^ [:rv-o.30c 




liti^^are /OZrA/ACA 66-003 ^■jJjitf6^J^O.aac.^ 




figure /^^-NACA 66-009 Qirfod , 0.26c sfraight-borrtour -flap v^L+h 
0.30cy: blunt- nose over-hang, O.OOlc gap. 



c 



0.30 





^ecf/on A- A 0. 35 c 




Sect/o/7 A-A 



0.35 c. 





i 0009 airfoil s ection^Sc,/S=d21j A ^3. 7^ 0.005c gapyClS Sc^^ha rp-no33 overhojx 




Secf/o/7 A- A 




,03 




figure //^.-Batancetil elGvqfor 



HAHONAl AflVISOd* - 



am 



Sect/on A- A 



0.50 Cef^ 






# 




Q 20 c. 



1 



1 



^ectf'on A-A 



T 
0.034 Q 



I 



9> 




2166:* 



-4 



±i s 




OMMlim TO* ttlWmiJllCt 



:0 







5 gizm JbrBe^e. led frai^Lmg-ecig. e.^ 



Secf/0/1 A-A 






JUnpuUish&cf jdjqtja) 



Angle or at1:act[^ ocycfe^ 





publiAhed datti) 



-3 0. 
Angle of (^itac/^/CK ^dbsg 



10 



figure /Zd^-^. ^S^emmon bokizontal ttitil surface ^ horn ^,XA-Q4JS^ 
^^96, S,/S 'OAS 5, gap - 0,0 , 




Abfe:- P/arj- ■ 
for/7) same as 
f/)af of f/gure% 
/17 to /Z9. 




^ect/0/? A -A 




I 




Sect/0/7 /f-A 




vO 
I 




C = J-^tj 






^ecfio/7 A A 




-1 ^ = //-2 "- * 






^ A/3^/e. or. yaw, f deg 

Qjjk.m.-\ \MrTipn.t !±ail i^htlrface.^ ASyji ^^42, f--P-<y, , tnp.fi ju.vr, 

[.:: :. : . isolse : i^hape oi^erhang, t^Jl3jAgap\ V'\. \\ ' . T l' I 1 • f i ' ' ri : i H 





C =34. S 

— 17^ 








6ect/o/? 


r 


1 

C^//Z- ^ 







y^osy/ybj^. /^^^/^ (^009 a/^/isf// ^ 7^/a/:?s } S(s^/^a/ ^apsj sect/0/7 aiz?^^. 



1 



I 




I 




Tnil-HTttriiiit^ftTi -^fihrf rrrith- 



\ i 



! I 




it. 



ttmvrt 



|±E[ 



I 



4 



j^c^ 0009 k^j^m^ 



j 1 



vO 
I 




f 




444-i-UJ 



TO 



m 



Si 



5# 




12 



:3x- 



ai2 



d±d±b: 




Pit unhang 



CM 



moNiAi 



1 



Mil 



it 



H 



J±£j 



sO 

I 





I 



Confro/ Reference ' Confrof /?^fer- 

surface I , surface ^nce 




/fsore /S2- ConP^/ surfaces w/f/^ /y/=>^ 
aerod/zfa/rt/c />^/a/tce. 



